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INSTRUMENTATION

All cells are involved in the processes of energy: capture,
conversion, transfer, and storage in carrying on their metabolism,
processes so necessary for maintenance, growth, and reproduction.
The cell develops highly specialized differentiated organelles,
e.g., chloroplasts, mitochondris +that contain specific pigments
and enzymes to carry out these processes. For example, chlorophyll
in the chloroplasts for photosynthesis, hemoglobin for oxygen transport
in the red blood cell, rhodopsins in the retinal rods and cones of
the eye for vision. A1l of these pigment molecules have certain
properties in common.

Special optical and microanalytical methods are necessary to
study these processes in the living cell and in the particular
organelles. As a result, microspectrophotometry has been under
continuous development in order to follow the biosynthesis of
these pigments in the living cell by recording the spectral change
with time upon excitation.

A completely new instrument, designated as M-5, has been under
development for the past two years in our laboratory. The objective
was to extend the usefulness of the recording microspectrophotometer
by increasing the optical resolution, the sensitivity throughout
the wavelength scale from the ultraviolet through the visible and
to the infrared, reducing the time constants so that the spectral
data can be obtained in seconds, and to miniaturize the instrument.

A schematic of the microspectrophotometer M-5 optical system
ig illustrated in Fig. 8 and a photograph of the instrument in
present operation is shown in Fig. 9.

Two types of optics are being used. One is the use of
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Fig. 8 Microspectrophotometer optical system (M-5).

Fig. 9 Microspectrophotometer (M-5).
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“reflecting optics, which have practically no dependency on wave-
length and consequently the focal point does not change with
respect to wavelength. They do lack resolving power. The other
is the use of Zeiss ultrafluar oppics which give bettef resolving
power than the reflecting optics but are limited in their spectral
range. |

The detector is an EMI 9558Q Photomultiplier with a
housing to cool the photomultiplier. The photomultiplier enables
the instrument to m;ke measurementslwith lower levels of light
and improves the instrument sensitivity. The EMI 9558Q photo-
multiplier tube has a spectral response from 162 my to 840 my,
with a quantum efficiency of about 20 per cent from 200 to 40O my
10 per cent efficiency at 480 mu, and 10 per cent efficiency at
785 mu. The dark current noise is extremely low, and with éooling
to -80°C. reduces the dark current about 100 times.

The monochromator used is a Canaslco rapid-scanning one,
which has 600 line/mm. grating and has ten different speeds, from
three secoﬁds to 3,000 seconds (6.2 to 200 my per second) over a
200 to 800 mp range. Its dispersion is 4 mu/mm. and peaks at
500 mp. A disadvantage of all grating monochromators is that the
light is about 10 to 20 per cent polarized (a part of this polar-
ization can be removed by using a quartz diffusing plate).

The accuracy in measuring the relative percentage of ab-
sorption (as far as electronics are concerned) depends on the
relative heights of the two pulses; the sample and reference

areas are not measured simultaneously but alternately in time.
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Therefore, if the overall accuracy is to stay within one per cent,
any change in the relative height of the pulses due to relative
spectral quantum efficiency of the photocathode, the relative
spectral distribution of the light source, or the gain of the am-
plification.should be within'one per cent during the time for

one pair of pulses. Consequently, a short-scanning time requires
a correspondingly short pair-time. The desired ehort pulse pair-
time required the development of a precision, high—speeq chopper,
Fig. 11 and special electronic circuits in the amplifier, Fig.
10. The chopper in the M-5 has been the main design improvement
over previous instruments.

The electronics consist of a preamplifier mounted on the
case of the photomultiplier tube, a main amplifier, an electronic
switch, an automatic gain amplifier, a feedback circuit, an inte-
grating circuit for each sample and reference pulse, and a panel
for necessary controls, Fig. 10.

The lead from the photomultiplier to the preamplifier is as
short as possible in order to minimize lead-in capacity. The pre-
| amplifier then has a current gain of about -150X. The main am-
plifier gives the final amplification to the signal, which at
this point consists of both sample and references pulses alter-
nately in time. The dc level is restored by a.clamping circuit.
The electronic switch, synchronized to tﬁe chepper, then separates
the signal. The reference pulse goes to the automatic gain am-
plifier, where it is further amplified, and then to the feedback

circuit.
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a, Chopper used in the (M-5) microspectrophotometer.

b, schematic diagram of the chopper.
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The feedback circuit consists of a field effect transistor

output from the automatic éain amplifier is connected to the gate
of the field effect transistor. The resistance of the field effect
transistor depends on the potential of its gate in such a way that
low voltage causes a low resistance, and high voltage causes a
high resistance. As the signal frém the photomultiplier increases,
ﬁhe output of the automatic gain amplifie?, which goes to the gate
of the field effect transistor, decreases. There is also a
corresponding decrease in locad resistance which decreases the
signal. Thié operates over a range of 5,000 to 1. The circuit
holds the reference pulse constant over a range of 5,000 times
within two per cent. The sample pulse is simply integrated and
sent to the recorder where the data is plotted.

The reéorder for the M-5 is a D'Arsonval-type pen drive,
rather than a servomechanism-type recorder used for the M-3 and
M-4 instruments. Also the electronics are much more versatile
and enhance the response speeds. The new microspectrophotometer,
M-5, scans the visible spectrum 400 to 700 mp in less than 10
seconds or 100 wave numbers in 0;33 seconds. The greatest ad-
vantage of this instrument is that it can operate at a low level
of light, 10h photons per second or a total of 2 x lO5 photons
for a measurement. The other advantage is that the system is

noise limited.
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a&. Applications of microspectrophotometry.

In our laboratory the M-5 instrument has been applied to
studies of: (1) the biosynthesis of pigments, for example,
chlorophylls, carotenoids, porphyrins, eytochromes, hemes. All
of these pigments are iﬁportant molecules involved in energy
transfer and necessary for life; (2) the spectra in single red
blood cells, for the identification of the heme pigments; (3)
the spectra and changes upon light excitation in single retinal
rods and cones of the eye; and to géin new insight from the
spectra about color vision.

Only a few examples taken from our studies are illustrated
~ in Figures 1 e, 3 a, 12, 13, 14, 15, and 16. Particular emphasis
was directed towards the identification of pigment molecules, e.g.,
carotenoids, chlorophylls, porphyrins, hemoglobins. These pig-
ments are directly related to the energetics of living cells; and
therefore, the ability to identify them and follow their struec-
tural changes by their spectra has much to tell us about these

molecules in the life processes.

b. Examples of spectra obtained with the Microspectropho-
tometer M-5.

(1) One of the applications was to obtain spectral in-
formation from single red blood cells, some of the
data is tabulated in Table 1 and spectra illustrated
in Figures 12, 13, and 1ik. ©Note in Fig. 12 an ab-

sorption spectrum of a single human red blood cell
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Fig. 13 Daphnia, turtle, and
earthworm red blood
cell spectra (M-5).
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Fig. 15 Light grown Euglena chloroplast spectrum from the
microspectrophotometer (M-5).
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Fig. 16 Spectrum of stained protenoid microspheres (RNA).

a, photomicrograph of microspheres, X 1300.
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(a) as compared to a solution of human red blood cells

obtained in the Cary-1lL spectrophotometer.

(2) A complete spectrum (250 to 750 my) of a chloroplast
in a living Euglena cell, Fig. 15, showing the ultra-
violet peaks and the visible absorptionvpeaks which
indicate that most of the chlorophyll in the chloro-

plast is chlorophyll a.

(3) Proteinoid microspheres with incorporated RNA (pre-
pared according to Dr. S. Fox) stained with methyl

green pyronin Y, Fig. 16.

Although the use of microspectrophotometry for the study of
the chenistry of living cells, and for the identification of or-
ganic molecules is emphasized here, it chould also be applied to
the study of oceanic life, oceanic sediments, fossils, meteorites,

énd extraterrestrial debris.
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